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On measuring the relative Tension of Electric Currents. 339 
single life is worth ~ (l) or ~ (hk), the value of an annuity 
on the joint lives of B and C. 
The various causes of error in the preceding, arising fi'om 
the change in the values of the constants, will readily pre- 
sent themselves to those who have studied the subject. 
It is not, of course, necessary that the progression of powers 
should be precisely that of Mr. Gompertz, and the following 
theorem may easily be demonstrated. I fa ,  be the chance of 
a life living n years, and if 
a, --- (aa)P, , 
where T, is not a function of a, then the annuity on any 
number of lives is not altered in value if, instead of any part 
of those lives, a single life of equivalent value be substituted. 
LI .  On the Use of a Secondary Wire as a Measure of the 
Relative Tension of Electric Currents. By JoH~r W. DRAPER, 
M.D., Professor of Chemistry in the University ofNew York; 
late Prof of Physical Science in Hampden Sydney Coll ge, 
Virginia. 
[Continued fi'om p. ~79, and eoncluded.] 
B EFORE however we can go further in the study of these conditions of tension, or attempt to show that the arrange- 
ment of Volta, and a single pair under the influence of a long 
or thin wire, are, in point of fact, alike in principle, it is ne- 
cessary that we should understand the nature of the different 
disturbing actions that may arise in tile generating cells of 
the electromotor. 
• I took a zinc plate 7 inches long and 3 wide, and a corre- 
sponding copper : the surface of the former was amalgamated 
and the latter brightened. The plates were fixed at an im- 
movable distance fi'om each other, and immersed in a jar 
containing 34 ounces of water. SUL:PHUKIC aCID was then 
added by half drachms uccessively. 
TAnLE E. 
Exp. 
1. 
3. 
4. 
5. 
6. 
7" 
8. 
9. 
Quantity or'acid in drachms. Quantity. Tension. 
, .  . .  °•  . . . . . .  
1 , ,  . •  .•  •°  °•  . °  
1½ . . . . . . . . . . . .  
. . . . . .  • ° . . . .  
38 . . . . . . . . . . . .  
. •  , .  ° ,  ° °  ° .  . °  
8 °°  . . . . .  • ° .  , .  
~o 
39 
55 
7~ 
83 
98 
l~l 
~16 
.555 
.436 
.382 
.305 
"~77 
.~45 
.223 
.214 
.130 
Z~ 
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840 Dr. Draper on the Use of  a Secondary Wire as a 
Here we have an exemplification of the converse of the 
fact already so much insisted on. As the quantity developed 
from the same surface gradually became greater and greater, 
the tension became less and less~ due to the increased con- 
ducting powers of the fluid medium. It is the same effect 
that would have been produced by constantly shortening the 
conecting wire. 
Such is the action of increasing doses of sulphuric acid ; 
let us now see how NITRIC ACID will act. The copper plate 
being repolished, and the zinc reamalgamated, and every- 
thing else being as at the commencement of the former trial, 
the latter acid-was now added to the cells in the same way 
that the former had been used. 
TABLE F. 
t Exp. I Quantity of acid in drachms. Quantity. Tension. 
! 
~. ] ½ . . . . . . . . . . . .  14 -7143 
31 1 . . . . . . . . . . . .  ~ .6363 
1½ . . . . . . . . . . . .  36 .5555 
4. 4 . . . . . . . . . . . .  175 .2400 
These measures are effected with some difficulty as the acid 
acts somewhat irregularly, and keeps the needle vibrating. 
MURIATXC Acre, under the same conditions and circum- 
stances, being substituted, gave as follows: 
TABLE G. 
Exp. 
i. 
sl 
9. 
10. 
11. 
Quantity of acid in drachms. 
~ ~ Q O 
• * • D 
Q I • O 
O O Q O t I 4 O 
l 
1½ 
3 
3½ 
4 
8 .o  , .  , .  . .  ° .  o°  
16 . . . . . . . . . . . .  
24 . . . . . . . . . . . .  , 
Quantity. 
l0 
17 
23 
29 
34 
39 
44 
49 
8~ 
145 
203 
Tenfion. 
"8000 
"6530 
"6087 
.5517 
'5000 
"4872 
"4654 
.4387 
"3169 
"1938 
.1707 
~ITROSULPHURIC ACID~ the constituents of which wero 
added alternately in equal measures~ was next tried. 
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Measure of the relative Tension of Electric Currents. 341 
TABLE H. 
Exp. __  Acid. Quantity in drachms. Quantity. Tension. 
Sulphuric. 
Nitric. 
Sulp. 
Nitr. 
Sulp. 
Nitr. 
., . . . .  
.. .. .. 1 .. .. o. l .. .. .. 
2 .. . . . .  
2 ., .. .. 
23 
53 
72 
94 
178 
190 
.5652 
"5094 
"3888 
"3510 
"2360 
"2026 
Solution of SULPHATE Of COPPER was next experimented 
with. 
TABLE I. 
tExp. I Quantity. Tension. 
I 1~ 1 33 8181 
74 6081 
: 116 4741 
These measures were procured with difficulty, owing to the 
flocculent deposit which settled on the zinc, more rapidly as 
the solution was made stronger. 
In the general discussion of the measures, given by tables 
E, F, G, H,  I, we still see the operation of the same general 
law, that the tension rapidly diminishes as the acid is added, 
and that when the same quantity of electricity developed from 
the same amount of surface by these different acids is pre- 
sented to the secondary wire, the quantities that can pass that 
wire are very diflbrent ; and on making use of these different 
agents_, it would ap_pear that they can. give. rise to currents. 
from the same metalline surface, equal m point of quanUty, but 
differing greatly in point of tension, in the following order, 
beginning with the most powerful: 
Sulphate of copper, 
Nitric acid, 
Nitrosulphur']c acid, 
Muriatic acid, 
Sulphuric acid. 
Of these bodies the muriatic acid acts probably ill the way 
that Dr. Faraday has pointed out, but the immediate cause of 
the rise of tension in the others, is to be traced to the circum- 
stance, that they filrnish oxygen to the nascent hydrogen ; and 
if the tension of the ordinary current is made to depend on 
the tendency of the zinc and oxygen to unite, it is reasonable to 
suppose that that tension will increase if a new affinity be in. 
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S¢2 Dr. Draper on the Use of  a Secondary Wire as a 
troduced, the action of which should correspond with, and 
abet that of the zinc for oxygen. This takes place when nitric 
acid or an oxysalt of easy decomposibility is added to the so- 
lution. The tension of the current is not then determined by 
the affinitv of the zinc for oxygen only, but by all the affinities 
that can take place, among all the bodies in the exciting cell. 
We are therefore here led to expand Dr. Faraday's t~eory, 
and to regard what follows as directly opposed to the theory 
of contact. 
Upon these principles, in an ordinary arrangement of cop- 
per, zinc, and sulphuric acid, the tension of the current is 
determined; by the sum of the affinities of zinc for oxygen, 
and hydrogen for copper, diminished by the sum of the affi- 
nities of copper for oxygen, oxygen for hydrogen, and hydro- 
gen for zinc. 
But as under all ordinary circumstances the affinities of 
hydrogen for zinc and copper may be neglected~ they being 
exceedingly small in comparison with the others, we may 
assume,-- 
That the tension, of the current is equal to the affinity. . . of 
oxygen for zinc, dtminished by the sum of the afllnmes of 
hydrogen and copper respectively for oxygen. 
If now we introduce into the exciting cells nitric acid or 
sulphate of copper, the affinity of the nascent hydrogen for 
oxygen is satisfied, and the resistance from this source is 
nearly exterminated, and the tension of the current is then 
equal to the difference of the affinities of zinc and copper for 
oxygen. 
By thus exterminating the resistance arising from the 
affinity of" hydrogen for oxygen, we succeed in raising the 
tension greatly ; if next we get rid of the affinity of copper for 
oxygen, the tension ought to become still higher. This may 
in a measure be effected by making use of a plate of platina; 
as I found experimentally. 
In all these cases, in which the tension increases without loss 
of quantity, we directly trace the action to a disturbance in
the exciting cells. In ordinary voltaic arrangements, the 
maximum tension is never reached, because the affinity of zinc 
for oxygen, which determines the currenh is counteracted to a 
certain extent by the affinity of oxygen for hydrogen. If we 
satisfy that affinity, an increase of tension is the result, and 
accordingly as this is more and more nearly effeeted, more 
and more of the hydrogen that ought to be evolved disap- 
pears. This remarkable disappearance of hydrogen has been 
heretofore notieed~ but the true office it served has not been 
detected. If a battery is charged with nitrosulphuric acid, 
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Measure of the relative Tension of Electric Currents. S~3 
the hydrogen evolved is no longer the equivalent of the zinc 
expended; in point of fact, the gas evolved is no longer hy- 
drogen, but a mixture of hydrogen and the binoxide of nitro- 
gen, as is proved by its burning with a green flame. I took 
a small pair of plates, the zinc being amalgamated and the 
platina freshly cleaned, and placed them in a mixture of six 
ounces of water and one drachm of sulphurie acid, arranging 
an inverted tube over them, so as to c llect he gas fi'om the 
platina plate. I determined by weighing the zinc plate how 
much was expended in evolving a given quantity of gas, and 
then successively adding sulphurie acid until the total amount 
had reached eight drachms, it appeared that in each instance 
it required very nearly 1"79 grains o f  metal. But on adding 
one drachm of nitric acid to the mixtur% the quantity ex- 
pended rose at once to 2"25 grains~ and on adding a second 
to 3'00 grains. 
Therefore, unless care is taken that no oxidizing body is 
present, the voltameter will give deceptive results. This im- 
portant precept should be perpetually borne i  mind by those 
who employ it in investigations. A few drops of nitric acid will 
at once vitiate its indications ; and there is reason to suspect 
that under certain circumstances even the dilute sulphuric 
acid with which it is charged may undergo partial deoxida- 
tion, and the evolved hydrogen indicate an amount of electri- 
city less than is actually passing. 
We are therefore in possession of two distinct methods of 
indirectly increasing the tension of an electric current. The 
first depends on the reduction of quantity; the second on 
satisfying in the exciting cells, affinities which tend to anta- 
gonize that which determines the current. 
Volta's plan of a reduplicated series unquestionably acts 
upon the first of these principles• It is a fact admitted on all 
hands, .and therefore into the proof it is unnecessary now to go, 
that the apparent quantity circulating in the wh91e battery is not 
greater than that which any one of the pairs could generate. 
Dr. Faraday has already shown how an enormous quantity of 
zinc is thus expended, the equivalent of electricity being en- 
tirely sacrificed, for the sake of increasinz the t nsion. Let 
• c '~ 
us see what are the facts m the case. The first pair of plates 
developes by the oxidation of a portion of its zinc a certain 
quantity of electricity, which passing through the electrolytic 
conductor arrives at the second cell; here however it is stopped, 
as a transit without decomposition is impossible, a decompo- 
sition which it is unable to effect. Continually tending to 
pass, without the passage ctually taking place, it remains as 
it were on the surface of the second zinc plate, in a condensed 
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8~}¢ Dr. Draper on the Use of  a Secondary Wire as a 
state, reacting on the electricity which that plate is generating, 
compressing and being compressed by it, and therefore in- 
creasing it.s elastic force. And the same action continually 
occurs, and increases the tension throughout the series.. 
A flat spiral coil, or a long connectin G wire, obviously acts 
in the very same way. It opposes a resistance to the passage 
of the current, and the plate instantly becomes in a tbrced 
state. We might almost regard the electric fluid as existing 
upon the surface of the zinc, exerting to the utmost its elastic 
force to pass the barrier, and failing that, compressing the 
evolved fluid as fast as it is generated, and being compressed 
by it. This also is the case in the pile of Volta. 
Thus far therefore the ribbon coil acts simply as a long 
wire, and this may be regarded as its primary or statical e f  
fect. But besides this, it gives rise to an action of an entirely 
different character, which Prof. Henry pointed out and ex- 
plained. In the act of making and breaking contact in a :sy- 
stem of which it forms a part, Faradian currents are generated 
by its successive spirals; these currents under the latter con- 
dition, breaking contact, coincide in direction with the pri- 
mary current hen just ceasing to pass. We must however 
carefully distinguish between these currents and that which 
induced them. Ill this respect some philosophers have un- 
guardedly fallen into a very remarkable mistake ; it has been 
supposed, that when a thertno-electric current was passed 
through this coil, and a spark obtained, the thermal light 
was seen ! The case is exactly analogous to that in which si- 
milar coils pass the jaws of a horseshoe magnet; no one sup- 
poses that the spark then elicited is due to the electricity of 
the, magnet itselt; but is simpl, y a manifestation of the induced 
current: the very same thing takes place when the thermal 
current runs through the spires of a flat coil. So far as I am 
informed, the magnetic spark and the true thermo-electric 
spark have never yet been seen. 
These observations are made, in order that I may not be 
misunderstood. It is not my object to consider the different 
arrangements that can generate a Faradian current, and there- 
fore in this point of view I dismiss the flat spiral. 
We now come to the fourth and last proposition, which is, 
" That the law which regulates the connexion of the diminu- 
tion of quantity or condensation, with the increase of tension, 
is the same as that which regulates the analogous pheenomena 
of ponderable lastic fluids." 
I have not hesitated to use the terms ~ compression,' ' con- 
densation,' ' elastic force,' in reference to electricity, though 
well know such an application is unusual. But it has 
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Measure of the relative Tension of JElectric Currents. 8¢5 
seemed to me, that a single pair might almost be likened to a 
steam-engine boiler, from which if you let the steam escape 
by a wide tube, its elastic force is less and less, accordingly as 
the escape is more free ; but if you put upon it a narrow tube, 
the vapour rushes with vehemence through it, reaction in a 
moment occurs in the boiler, the elastic force increases, and 
the accumulated steam pressing heavily on its surface, the 
watei" boils in a more laboured way: this narrow tube resem- 
bles Henry's coil, or a long or slender wire. 
The following table exhibits numerical results, obtained 
by the aid of one of Daniell's constant batteries, the tension 
being continually increased by the addition of successively 
increasing lengths of wire. 
Table K. 
Without any 
wire inter-. 
posed .End of ditto 
Wire interposed 6 feet long 
. . . .  12 .. 
. . . .  18 .. 
. . . .  24 .. 
. . . .  48 .. 
. . . .  72 .. 
. . . .  96 .. 
Quantity. 
• Beginning of "1 
the experi- j~ 76 
merit. 
75 
72 
68.50 
65 
62 
53 
46 
41 
Calculated. Tension. 
...... .8289 
72.00 .8333 
68.30 .8394 
65-24 -8461 
6~.30 .8548 
53.12 "8679 
46-18 .8913 
41-00 .9219 
From this table it would appear, that the addition of suc- 
cessively increasing lengths ot~wire of invariable diameter, di- 
minishes the absolute quantity of electricity flowing, but at 
the same time the tension is exalted. By taking the angle of 
torsion as the measure of the forces, in the second column, 
it is also evident hat the law of the conducting power of wires 
given by M. Lenz, holds in the case of a hydro-electric pair. 
This may be regarded as of some interest, in as much as the 
late Dr. Ritchie, in certain papers read before the Royal So- 
ciety*, opposed to the very last this view, by the aid of nume- 
rical determinations made with the torsion balance, the in- 
strument here employed. In r6ference to the third column 
of the table, I ha~,e calculated it in the manner given by 
Lenz, the value of the constant o be deduced fi'om the reci- 
procals of the angles of torsion being in this case 1318 nearly. 
Whilst therefore these results confirm in tile most pointed 
manner the reasoning of that able philosopher, they at the 
same time compel us to advance a step further, and to expand 
[~ L. & E. Phil. Mag., vol. xi. p. 192. EmT.'] 
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S46 Dr. Draper on the Use o f  a Secondary Wire as a 
to a certain extent Ohm's theory, of the voltaic pile. It is a 
condition, in tracing the action ot wires of  different lengths, to 
assume, that the electromotive power of tile generating pair 
is under all circumstances constant, and hence it may be con- 
veniently represented by unity. But the electromotive power 
of any pair plainly depends on two things, the quantity of 
electricity that the pair can evolve and its absolute tension. 
The theory of Ohm, as may be gathered from the memoir of 
Prof. Jacobi on electromotive machines, and also from M. 
Lenz's papers*, confounds those two important conditions. 
Now the results given in the foregoing table, proving that 
wires conduct in the inverse ratio of their lengths, prove also 
that the addition of increasing lengths of wire does not in 
anywise alter the electromotive power; yet we have clearly 
shown that this addition is inevitably attended with an increase 
of tension. Here therefore is an apparent contradiction. 
But this contradiction is only apparent, and when properly 
understood leads to a most remarkable result. 
It is true, that we are compelled to assume that ttle electro- 
motive power of a pair is independent of the length of the 
connecting wire; but this constancy of electromotive power 
does not necessarily imply that the relations of quantity and 
tension, which conjointly produce it, are not hemselves vari- 
able. In the case before us, we have direct proof that the 
tension increases, and also that the quantity decreases, as the 
connecting wire becomes longer, and the converse; yet the 
electromotive power varying directly with them both, they 
must of necessity bear such a relation to each other, that their 
product shall always be equal t~ unity, Hence ave infer, 
That the law of Marriotte in relation to the ponderable 
elastic fluids, holds also in the case of electricity developed by 
voltaic action, the elastic force or tension of a given quantity 
being inversely as the space it occupiest. 
[* See Taylor's SCXENTXFIC MEMOIaS, VOI. i. p. 311,503, and vol. ii, p. 1. 
EDIT.] 
t The formula given by the German atural philosopher is, 
E F= Z~-£ 
where F represents the intensity of the current, E the electromotive 
ower, and 1-4-~. the sum of all the resistances of the electric circle. 
ow if we decompose E into two factors, representing individually the 
quantity and. the tension, 
1 
F = ~-~ will be the general formula for the 
intensity or force of the current, independent of the length of the con- 
ducting wire. 
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Measure of the relative Tension oF Electric Currents. $4,7 
The following table will at the same time establish Lenz's 
law in the case of thermo-electric currents, and prove that 
even in cases where the tension is so exceedingly low, the 
elastic force of a given quantity of electricity follows the above- 
named law. 
TABLE L. 
Without any wire 
Interposed w.1 foot long 
. .  2 . .  
, .  3 . .  
. °  4 . ,  
. .  5 . .  
. .  6 , .  
Quantity. Calculated. Tension. 
720 
298 
192 
142 
112 
93 
80 
. . . .  
298 
19~ 
142 
113 
93 
80 
"0930 
.3080 
.3031 
"3802 
"4375 
.4731 
"5000 
The current here experimented with was generated by a 
pair of wires of copper and tinned iron ~ inch in diameter, 
and one foot long, the soldered extremity being immersed in 
a bath of boiling water, and the free extremity carefully main- 
tained at 59½ Fahr. ; the third column in the table being cal- 
culated by the aid of the constant 1527. 
As respects electricity of high tension, a law extremely ana- 
logous to that here indicated may be traced. The striking di- 
stance varies directly as the quantity accumulates. I f  a given 
jar be successively charged with quantities of electricity, as 
the numbers 1, 2, 3, 4, &e., the intervals of air through which 
the spark can pass~ vary directly as those numbers. This is 
abundantly shown by the experiments of Lane, Harris, and 
other philosophers. 
Now upon what does this striking distance d pend ? Plainly 
upon the elastic force of the coerced fluid, and therefore the 
striking distance will measure the elastic force or tension. 
We condense upon a given surface increasing quantities of 
the electric fluid, and find that the law in relation to its elastic 
force, is that the tension of a given quantity is inversely as its 
volume. But this is the law of Marriotte in relation to the 
ponderable lastic fluids. 
The following numerical determinations were made by 
adding successive plates to the first single hydro-pair, and 
taking the values of the current on each addition. It is of- 
fered merely as an illustration of the chief fact under dis- 
eussion, and is not to be regarded as absolutely correct, 
though every precaution was taken to avoid changes in the 
current. It shows the decrease of quantity and the increase 
of tension in Volta's instrument. Of course, in reasoning 
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S48 Dr. Draper on the Tension of Electric Currents. 
upon it, the hypothetical ction of each plate is assumed to be 
equal to that of any other in the series. 
TAzL~ M. 
No. ofplates. Quantity. Tension. 
1. ~0 "3500 
2. 31 "5806 
3. 43 "5814 
4. 51 "6274 
5. 52 "6346 
Thermo-electric piles are well known to give the same 
general results, as respects tension, that hydro-electric piles 
do : they are much better suited to the pro'pose of the experi- 
menter, and give currents that are far more constant, the 
following table represents he action of such a battery, con- 
sisting of wires of copper and tinned iron, each element being 
about one foot long and ~ inch in diameter. The source of 
heat was a bath of boiling water. 
TABLE N. 
No. of pairs. 
1. 
2. 
3. 
4. 
5. 
11. 
Quantity. Tension. 
256 -1367 
305 "~065 
325 "2707 
348 "3O72 
352 "3204 
396 .5275 
The beautiful experiments of Becquerel, and the equally 
elegant repetition of them by Dr. Golding Bird, show that 
the view I have here taken of the action of a single pair is 
correct. The latter chemist found, that not only could a 
single pair decompose bodies, such as iodide of potassium, 
&c., which easily yield up their elements, hut that the am- 
moniacal amalgam ight be formed, potassium reduced, and 
in point of fact any decomposition effected. And what is 
the plan followed ? The current is forced to pass, in the elec- 
trolyte that is to be decomposed, an obstacle or resisting me- 
dium; the tension instantly rises, but at a vast sacrifice of 
quantity, so that the magnetic . . . . . .  needle, which measures only 
the quantity passing in an indivisible portion of tmle, is barely 
affected. Yet, by continuing the current for a great length 
of time, the resulting decomposing effects are finally the same 
as those obtained more speedily by the action of many pairs. 
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Dr. Draper on the Galvanic Spark. 349 
How far the experiments given in this memoir bear upon 
that part of Dr. Faraday's researches in which he has de- 
termined the relation of common and voltaic electricity by 
measure, would form a most important subject of investi- 
gation. The results at which he arrives, are in themselves 
very astonishing, and are fully borne out by his decisive ex- 
periments; but when we come to reflect hat these results 
were obtained by the magnetic needle, and electro-chemical 
action, we may perhaps pause. We may ask, whether it is 
possible to determine by either of these means, the absolute 
quantity of electricity that passes ? Both measure, so to speak, 
the volume that flows, the one in an indivisible portion of 
time, the other that which has flowed at the end of a finite 
time; but do either of them measure the true absolute quantity ? 
Can we tell the absolute amount of a gas, without first know- 
ing its condition as to condensation ? Can we know how much 
electricity is upon a prime conductor, or compare it with that 
evolved by a voltaic pile, without first knowing its state of 
condensation? I shall be forgiven for employing these ex- 
pressions in an unusual way, and for reasonmg about this 
subtile agent as though it were a ponderable body, in as much 
as it serves, withoutintroducinz any hypothesis, to give us 
• • • t - J  • . 
more tangible and disunct ideas of what we might otherwise 
vainly attempt to express. 
In the December Number of this Journal, (L. & E. Phil. 
Mag., vol. xiii. p. 401.) which has just reached me, I find 
some remarks of Dr. Jacobi on the galvanic spark. Some 
time ago I came, by another method of experimenting, to the 
same conclusion. I f this spark be really projected by the ten- 
sion before contact, it ought o take effect at an unlimited di- 
stance in a perfect vacuum ; but it will be found on making 
the trial, that if an iron electrode be sealed into the upper part 
of a barometer tube, and the mercury made to rise gradually 
towards its point, the spark does not pass until apparent con- 
tact takes place : this was found in an analogous but vain at- 
tempt o show the thermo-electric spark. It cannot however 
be entirely, as that philosopher supposes, " simply a phm- 
nomenon of combustion," as it is difficult to understand how 
mercury can enter into combustion in a vacuum% 
Hampden Sydney College, Virginia, 
Feb. ~2, 1839. 
[~ May not the spark, in this instance, result f om the combination of 
mercury and iron, under th  influence of electricity, and attended by the 
evolution o~ heat and light, and thus still be "simply a phwnomenon of 
combustion" ? E.W.B.] 
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